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(54) Process for forming a punch rivet connection and a joining device for punch rivets 



(57) The invention relates to a process for forming 
a punch rivet connection and to a joining device, a plung- 
er (4) and optionally a holding-down device (5) being 



driven via a transmission unit (2). The transmission unit 
(2) converts a rotational movement of an electric motor 
drive unit (1 ) into a translation movement of the plunger 
(4) or of the holding-down device (5). 
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Description 

The invention relates to a process for forming a 
punch rivet connection and to a joining device for punch 
rivets. 

To form a punch rivet connection with which at least 
two parts to be joined can be connected to one another 
by a rivet, it is necessary for the parts to be joined to be 
pre-punched. It is known that a punch rivet connection 
can be made using a solid rivet or hollow rivet. 

A punch rivet connection is formed with a solid rivet 
by placing the parts to be joined on a die. A holding- 
down device is brought into contact with the parts to be 
joined above the die. The parts to be joined are clamped 
between the holding-down device and the die. The hold- 
ing-down device is hollow in design. Thei rivet is ar- 
ranged in it. A plunger acts on the rivet so that the plung- 
er punches the rivet through the parts to be joined. The 
rivet punches a hole in the parts to be joined so the pre- 
punching required in conventional riveting processes is 
unnecessary. Once the rivet has penetrated the parts to 
be joined, the holding-down device presses the parts to 
be joined against the die which comprises a ferrule. The 
force of the holding-down device and the geometry of 
the die result in plastic deformation of the die-side part 
to be joined which flows partially into an annular groove^ 
in the punch rivet. The solid rivet is not deformed. The 
parts to be joined are reached by the geometry of the 
rivet head and by the die-side connection of the part to 
be joined to the rivet in the annular groove. 

. Hydraulically operated joining devices are used to 
form such a punch rivet connection. The plunger is ac- 
tuated by a hydraulic cylinder unit. The cost of producing 
such joining devices is relatively high. In particular, proc- 
ess control for achieving high-quality punch rivet con- 
nections gives rise to problems. In particular, hydrauli- 
cally operated joining devices are subject to variations 
in the force exerted by the plunger owing to changes of 
viscosity. The changes in the viscosity of the hydraulic 
medium are substantially dependent on temperature. A 
further drawback of hydraulically operated joining devic- 
es is that the hydraulic medium, which may be oil, has 
a hydroscopic effect so it is necessary to exchange the 
hydraulic fluid at predetermined time intervals. 

When forming a punch connection with a hollow riv- 
et - the same applies to a semi-holJow rivet - the hollow 
rivet penetrates the plunger-side part to be joined and 
penetrates partially into the die-side part to be joined. 
The die is so designed that the die-side part to be joined 
as well as the rivet are deformed to a closing head. An 
example of a design of a joining device for forming a 
punch rivet connection with a hollow rivet is known from 
DE 44 1 9 065 Al. Hydraulically operating joining devices 
are also used for producing a punch rivet connection 
with a hollow rivet. 

The object of the present invention is to provide a 
process for forming a punch rivet connection by means 
of which the production costs for carrying out the proc- 



ess can be reduced. A further object of the invention is 
to monitor the formation of a punch rivet connection to 
improve quality assurance. A punch rivet joining device 
which is constructionally simple in design is also to be 
s provided. 

This object is achieved according to the invention 
by a process having the features of claim 1 or a joining 
device having the features of claim 16. 

With the process according to the invention for 
forming a punch rivet connection, it is proposed that a 
plunger and optionally a holding-down device be driven 
via a transmission unit which converts a rotational 
movement of a drive unit into a translation movement of 
the plunger or of the holding-down device. The relatively 
high production costs incurred with known processes 
when the plunger and optionally a holding-down device 
is or are hydraulically operated are avoided when car- 
rying out the process. A further advantage of the proc- 
ess is that relatively good control of the process can be 
achieved by converting the rotational movement of a 
drive unit into a translation movement of the plunger, as 
an electric motor can be used as drive unit. Different 
plunger speeds can also be achieved with the process 
control according to the invention. A further advantage 
of the process is that process control is independent of 
external influences. For example, whereas the ambient 
temperature is involved in hydraulic actuation of the 
plunger as it affects the hydraulic medium, this influence 
is absent from the process according to the invention. 

According to a further advantageous embodiment 
of the process, it is proposed that the speed of the drive 
unit be variable. Owing to this feature, the speed with 
which the plunger or the holding-down device acts on 
the parts to be joined or the rivet can be varied. The 
speed of the drive unit can be adjusted as a function of 
the properties of the rivet and/or the properties of the 
parts to be joined. The advantage of the adjustable 
speed of the drive unit also resides in the fact that, for 
example, the plunger and optionally the holding-down 
device is initially moved at high speed to rest on the parts 
to be joined and the plunger and optionally the holding- 
down device is then moved at a lower speed. This has 
the advantage of allowing relatively fast positioning of 
the plunger and the holding-down device. This also af- 
fects the cycle times of a joining device. 

According to a further advantageous idea, it is pro- 
posed that the plunger and optionally the holding-down 
device be movable from a predeterminable rest position. 
The rest position of the plunger and optionally of the 
holding-down device is selected as a function of the de- 
sign of the parts to be joined. If the parts to be joined 
are, for example, smooth metal plates, the distance be- 
tween a riveting unit which comprises the plunger and 
the holding-down device and a die can be slightly great- 
er than the thickness of the superimposed parts to be 
joined, if a part to be joined has a ridge, as viewed in 
the feed direction of the part to be joined, the rest posi- 
tion of the riveting unit is selected such that the ridge 
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can be guided between the riveting unit and the die. 
Therefore, it is not necessary for the riveting unit always 
to be moved into its maximum possible end position 
which is defined by maximum spacing between the riv- 
eting unit and a die. 

According to a further advantageous embodiment 
of the process, it is proposed that the process data be 
determined during a punch riveting procedure. 

In particular, the travel of the plunger and optionally 
of the holding-down device is determined during a 
punch riveting procedure. The travel of the plunger and 
optionally of the holding-down device is determined par- 
ticularly easily as the stroke of the plunger or holding- 
down device can be determined from the number of ro- 
tations of the drive unit on the basis of the known trans- 
mission ratios from the rotational movement of the drive 
unit into a translation movement of the plunger or the 
holding-down device. For this purpose, the drive unit 
can be provided with known aids, for example an incre- 
mental disc. It is also possible to use a stepping motor 
as drive unit. 

The force of the plunger and optionally of the hold- 
ing-down device on the parts to be joined is preferably 
determined during a punch riveting procedure. A quality 
statement about the punch rivet connection can be de- 
rived from the trend of the force during the joining pro- 
cedure, as described hereinafter. 

According to a further advantageous idea, it is pro- 
posed that the power consumption of the drive unit be 
determined during a punch riveting procedure. The pow- 
er consumption of the drive unit is substantially propor- 
tional to the force of the plunger and optionally of the 
holding-down device on the parts to be joined, so the 
force can be determined directly. Additional gauges are 
not necessarily required to determine the force. The 
power consumption can be determined using simple 
components. 

In addition to or as an alternative to the determina- 
tion of the power consumption or of the force of the 
plunger, it is proposed that the torque of the drive unit 
and/or of the transmission unit be determined during a 
punch riveting procedure. The torque of the drive unit 
and/or of the transmission unit is also proportional to the 
force of the plunger and optionally of the holding-down 
device on the parts to be joined. A quality statement 
about the punch riveting procedure or about the punch 
rivet connection can also be obtained from the torque 
trend. 

According to a further advantageous embodiment 
of the process, it is proposed that a force or a charac- 
teristic, corresponding to the force, of the plunger and 
optionally of the holding-down device be measured dur- 
ing a joining procedure as a function of the displacement 
of the plunger or of the plunger and the holding-down 
device. This measurement produces an actual trend. 
This actual trend is compared with a desired trend. If 
comparison shows that the determined actual trend de- 
viates from the desired trend by a predetermined limit 



value in at least one predetermined range, a signal is 
triggered. This process control has the advantage, in 
particular, that it permits qualitative monitoring of the for- 
mation of a punch connection. 

According to a further advantageous embodiment 
of the process it is proposed that the actual trend be 
compared with the desired trend at least in a region in 
which clinching is substantially completed by the force 
of the plunger on a rivet which has come to rest on the 
parts to be joined and a rivet has penetrated into the 
plunger-side part to be joined. A statement as to whether 
a rivet has been supplied and the rivet has also been 
correctly supplied can be obtained by comparing the ac- 
tual force/displacement trend with the desired trend. 
The term 'correctly supplied' means a supply where the 
rivet rests in the correct position on the part to be joined. 
It can also be determined from the result of this compar- 
ison whether, for example, an automatic supply of rivets 
is being provided correctly. 

According to a further preferred embodiment of the 
process, the actual trend is compared with the desired 
trend at least in a region in which the parts to be joined 
have been substantially punched by the force of the 
plunger on a rivet, in particular a solid rivet, and the hold- 
ing-down device exerts a force on the plunger-side part 
to be joined. This has the advantage that it is possible 
to check whether the rivet actually penetrated the parts 
to be joined. 

According to a further advantageous embodiment 
of the process, it is proposed that the actual trend be 
compared with the desired trend at least in a region in 
which a rivet, in particular a hollow rivet, substantially 
penetrated the plunger-side part to be joined owing to 
the force of the plunger and a closing head was formed 
on the rivet. It is thus also possible to check whether the 
parts to be joined also have a predetermined thickness. 

According to a further idea, a comparison between 
the actual trend and the desired trend is proposed at 
least in a region in which a closing head is substantially 
formed on the rivet, in particular a hollow rivet, and 
clinching of the rivet takes place. It is thus possible to 
check whether the rivet ends flush with the surface of 
the plunger-side part to be joined. 

It is also proposed that a force of the plunger or of 
the plunger and the holding-down device on the parts to 
be joined or a characteristic corresponding to the force 
be determined from the power consumption. The trend 
of the force as a function of the displacement of the 
plunger or of the plunger and the holding-down device 
can be allocated to specific parameters such a thickness 
of the parts to be joined, material of the parts to be 
joined, form and material of th e punch rivet. S uch a trend 
can be used for controlling a joining device if similar 
parts to be joined are to be connected to one another 
by comparable punch rivets. This has the advantage 
that the expenditure for determining the most desirable 
process parameters for forming a punch rivet can be re- 
duced. 
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According to a further idea according to the inven- 
tion, a joining device for punch rivets with a die, a hold- 
ing-down device, a plunger, a drive unit connected to 
the plunger, a control unitfor controlling at least the drive 
unit and a monitoring unit is proposed in which the drive 
unit has electric motor action. The electric motor drive 
unit is connected via a transmission unit to the plunger 
or to the plunger and the holding-down device. As a re- 
sult, the rotational movement of the electric motor drive 
unit is converted via the transmission unit into a trans- ' 
lational movement of the plunger or of the plunger and 
the holding-down device. This design of the joining de- 
vice also prevents intermittent stressing of the joining 
device of the type which occurs with known hydraulically 
operated joining devices. A further advantage of the de- 
vice according to the invention is that the joining device 
can be used both movably and stationarily. With station- 
ary use of the joining device, only one power connection 
is required for the electric motor drive unit. The joining 
device according to the invention can be produced eco- 
nomically. 

The joining device is preferably so designed that the 
transmission unit has at least one gear. The gear is pref- 
erably a reduction gear. This has the advantage that a 
drive unit with a relatively tow torque can be used. The 
relatively low torque of the drive unit is converted into a 
correspondingly higher torque or force on the plunger 
by the reduction gear as a function of the reduction ratio. 
The gear is preferably designed such that it has at least 
one predetermined reduction ratio. 

According to a further advantageous idea, it is pro- 
posed that the plunger or the plunger and the holding- 
down device be connected to the transmission unit via 
a spindle drive. To avoid high frictional losses, it is pro- 
posed that the spindle drive be a circulating ball spindle 
drive. 

The monitoring unit of the joining.device according 
to the invention preferably has at least one sensor which 
serves to detect process data. It is proposed, in partic- 
ular, that at least one sensor be a displacement trans- 
ducer which indirectly or directly picks up the displace- 
ment of the plunger and optionally of the holding-down 
device during a joining procedure. 

According to a further advantageous embodiment 
of the joining device, it is proposed that at least one sen- 
sor be a force transducer which indirectly or directly 
picks up the force of the plunger and optionally of the 
holding-down device during the joining procedure. It is 
proposed in particular that the force transducer have at 
least one piezo element. Alternatively, the force trans- 
ducer can be a load cell. 

The force transducer is preferably arranged be- 
tween the plunger and the transmission unit or between 
the holding-down device and the transmission unit. The 
transmission unit preferably rests on a framework. The 
force transducer is arranged between the transmission 
unit and the framework. 

According to a further preferred embodiment of the 



joining device, it is proposed that at least one sensor 
measure the power consumption of the drive unit during 
a joining procedure. 

Additionally or alternatively it is proposed that at 
s least one sensor pick up the torque of the drive unit and/ 
or of the transmission unit during a joining procedure. 

Further details and advantages of the process ac- 
cording to the invention and of the joining device are 
described with reference to a preferred embodiment of 
a joining device illustrated in the drawings. 

Figure 1 is a schematic view of a joining device. 
Figure 2 is a section through a joining device. 
Figure 3 is a force/displacement graph of a punch 
riveting procedure with a solid rivet. 

Figure 4 is a force/displacement graph of a punch 
riveting procedure with a hollow rivet. 

Figure 1 is a schematic view of the design of a join- 
ing device for punch rivets. The joining device has an 
electric motor driven drive unit 1 . The drive unit 1 is con- 
nected to a transmission unit 2. A drive shaft of- the drive 
unit 1 can be coupled to the transmission upit 2. The 
coupling can preferably be reieasable in design so dif- 
ferent transmission units 2 can be used. The transmis- 
sion unit 2 preferably has at least one gear. This is, in 
particular, a reduction gear. A gear which has at least 
one predetermined reduction ratio is preferred. 

The transmission unit is connected to a plunger 4 
or to the plunger 4 and the holding-down device 5. 
. Whether merely the plunger 4 or also the holding-down 
device 5 is connected to the transmission unit 2 depends 
on whether the joining device is used to form a punch 
rivet connection with a solid rivet or a hollow rivet. If the 
joining device is used for forming a punch rivet connec- 
tion by means of a solid rivet, the holding-down device 
5 is also coupled to the transmission unit 2. 

The plunger 4 or the plunger 4 and the holding- 
down device 5 are connected to the transmission unit 2 
via a spindle drive 3. The spindle drive 3 can also be 
part of the transmission unit 2 so they form a construc- 
tional unit. The spindle drive 3 is preferably a circulating 
ball spindle drive. 

The plunger 4 and the holding-down device 5 are 
movable in the direction of the arrow shown in Figure 1 . 
A die 6 is arranged beneath the plunger 4. Two parts to 
be joined 7, 8 are arranged schematically on the die 6. 

The joining device also comprises a control unit 9 
for controlling the drive unit 1 . A monitoring unit 1 0 which 
comprises at least one sensor for detecting process da- 
ta is connected to the control unit 9. A connection be- 
tween the monitoring unit and the drive unit 1 , the trans- 
mission unit 2 and the spindle drive 3 is shown sche- 
matically in Figure 1. The drive unit 1, the monitoring 
unit 2 and the spindle drive 3 can have corresponding 
sensors for picking up specific characteristics, the out- 
put signals of which are processed in the monitoring unit 
1 0. The monitoring unit 1 0 can be part of the control unit 
9, the monitoring unit 10 emitting input signals as open 
and closed loop control variables to the control unit 9. 
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The sensors can be displacement and force transducers 
which determine the displacement of the plunger 4 and 
the force of the'pluhger 4 on the parts to be joined 7, 8. 
A sensor which measures the power consumption of the 
electric motor action drive unit 1 can also be provided. 

A punch rivet is arranged within the holding-down 
device to form a punch rivet connection between the 
parts to be joined 7, 8. The plunger 4 is displaceable 
relative to the holding-down device 5. The plunger 4 ex- 
erts a force on a punch rivet by means of which the 
punch rivet connection is obtained. The drive unit 1 is 
set into operation for this purpose. The rotational move- 
ment of the drive unit 1 is converted via a transmission 
unit 2 and, in the embodiment illustrated, the spindie 
drive 3 into a translation movement of the plunger 4 and 
the holding-down device 5. 

Figure 2 is a partial section through a joining device. 
The joining device has an electric motor operated drive 
unit 1 . The drive unit 1 is connected to the transmission 
unit 2. The transmission unit 2 is arranged in an upper 
end region of a housing 25. The housing 25 is connected 
to a framework 24. 

The drive shaft 11 of the drive unit 1 is connected 
to a belt wheel 12 of the transmission unit 2. The belt 
wheel 12 drives a belt wheel 14 via an endless belt 13 
which may be a flexible toothed belt. The diameter of 
the belt wheel 12 is substantially smaller than the diam- 
eter of the belt wheel 14, allowing a reduction in the 
speed of drive shaft 11. The belt wheel 14 is rotatably 
connected to a drive bush 15. A gear with gear wheels 
can also be used instead of a transmission unit 2 with 
belt drive. Other alternatives are also possible. A rod 
17a is transversely displaceable within the drive bush 
15 which is appropriately mounted. The translation 
movement of the rod 1 7a is achieved via a spindle drive 
3 having a spindle nut 16 which cooperates with the rod 
17a. At the end region of the rod 17a remote from the 
transmission unit 2 there is formed a guide member 18 
into which the rod 1 7a can be introduced. A rod 1 7b ad- 
joins the rod 17a. An insert 23 is provided in the transi- 
tion region between the rod 17a and the rod 17b. The 
insert 23 has pins 20 which project substantially perpen- 
dicularly to the axial direction of the rod 17a or 1 7b and 
engage in slots 1 9 in the guide member 1 8. This ensures 
that the rod 17a and 17b does not rotate. The rod 17b 
is connected to a plunger 4. The plunger 4 is releasabty 
arranged on the rod 17b so it can be formed according 
to the rivets used. A stop member 22 is provided at the 
front end region of the rod 1 7b. Spring elements 21 are 
arranged between the stop member 22 and the insert 
23. The spring elements 21 are spring washers. The 
spring elements 21 are arranged in a tubular portion of 
the guide member 18. The guide member 1 8 is arranged 
so as to slide in the housing 25. Figure 2 shows the join- 
ing device in a position in which the plunger 4 and the 
holding-down device 5 rest on the parts to be joined 7, 
8, the parts to be joined 7, 8 resting on the die 6. 

In a punch rivet connection formed by a grooved 



solid rivet, the rivet is pressed through the parts to be 
joined 7, B by the plunger 4 once the parts to be joined 
7, 8 have been fixed between the die 6 and the holding 
down device 5. The rivet punches a hole in the parts to 

5 be joined 7, 8 during this procedure. 

The holding-down device 5 and the plunger 4 effect 
clinching which extends to point A of the curve in the 
force/displacement graph shown in Figure 3. The rivet 
then punches a hole in the parts 7, 8 to be joined, this 

io procedure taking place in the portion A - B. After punch- 
ing has taken place, the holding-down device presses 
against the parts to be joined 7, 8. The holding-down 
device presses against the die such that the die-side 
part to be joined 8 flows into the groove of the rivet owing 

is to a corresponding design of the die 6. This portion of 
the process lies between points B - C. 

Regions in which the actual trend of the force or a 
characteristic corresponding to the force as a function 
of the displacement can be compared with a desired 

20 trend are designated by V1 , V2 and V3 in Figure 3. The 
regions V1 , V2 and V3 are significant for the quality of 
the punch rivet connection. However, the entire actual 
trend can also be compared with the desired trend in- 
stead of selected regions V1 , V2 or V3. A statement as 

25 to whether, for example, a solid rivet is arranged on the 
plunger-side part to be joined 7 wjth the correct orienta- 
tion can be obtained by comparison in the region V1 . A 
statement about the clinch behaviour of the parts to be 
joined can also be derived. If the clinch behaviour dif- 

30 fers, it can be concluded that, for example, the plunger- 
side part to be joined consists of an incorrect material. 

A statement as to whether, for example, complete 
punching of the parts to be joined 7, 6 has occurred can 
be obtained by comparison in region V2. 

35 Comparison between the actual trend and the de- 
sired trend in region V3 provides a statement as to 
whether the material of the die-side part to be joined 8 
has flown into an annular groove in a rivet, not shown. 
The trend of the force as a function of the displace- 

40 ment can be determined by the process according to the 
invention from the power consumption of the electric 
motor drive 1 . 

Figure 4 is a schematic view of a force/displace- 
ment graph of the type produced during a punch riveting 

45 procedure using a hollow rivet. The force/displacement 
graph shows that essentially four process portions can 
be detected in the punch rivet procedure using a hollow 
rivet. A first process portion which essentially corre- 
sponds to a clinching procedure can be seen up to point 

50 A. A second process portion which essentially corre- 
sponds to the cutting procedure can be seen between 
points A and D. During the cutting process, the plunger 
4 and therefore also a rivet covers a relatively great dis- 
placement s, the force exerted by the plunger 4 on the 

55 rivet being relatively constant. 

Once the rivet has cut through the plunger-side part 
to be joined 7, the rivet is spread in the die 6 as the force 
of the plunger 4 increases. This portion of the process 
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the process data are determined during a punch riv- 
eting procedure. 

7. Process according to one of claims 1 to 6, in which 
5 a displacement of the plunger (4) and optionally of 

the holding-down device (5) is determined during a 
punch riveting procedure. 

8. Process according to one of claims 1 to 7, in which 
10 a force exerted by the plunger (4) and optionally by 

the holding-down device (5) is determined on parts 
to be joined (7, 8) during a punch riveting process. 

9. Process according to one of claims 1 to 8, in which 
is the power consumption of the drive unit (1 ) is deter- 
mined during a punch riveting process. 



is located between points D - E of the. force/displace- 
ment graph according to Figure 4. The die-side part to 
be joined 8 is deformed by the die 6 during this proce- 
dure.. " 

If the force exerted on the rivet by the plunger 4 is 
sustained, the rivet is compressed. The compression 
process is shown in portion E - F in Figure 4. If the head 
of the punch rivet lies in the plane of the plunger-side 
part to be joined 7, the punch rivet connection is pro- 
duced. 

The force/displacement trend can be determined 
from the process data. With a known force/displacement 
trend which serves as a reference trend, the quality of 
a punch connection can be determined by means of the 
actual trend of the force as a function of the displace- 
ment. 

Figure 4 shows regions H1 - H4 in which the actual 
trend of the force as a function of the displacement is 
checked with a desired trend. The regions H1 - H4 are 
selected at the significant transition points of the proc- 
ess steps, as described hereinbefore. A quality state- 
ment about the punch rivet connection can therefore be 
obtained. The entire actual trend can also be checked 
with a desired trend rather than individual regions H1 - 
H4, the desired trend forming a band within whose limits 
the actual trend is to lie. 



Claims 

1. Process for forming a punch rivet connection in 
which a plunger (4) and optionally a holding-down 
device (5) is or are driven by a transmission unit (2) 

• which converts a rotational movement of a drive unit 
(1 ) into a translation movement of the plunger (4) or 
of the holding-down device (5). 

2. Process according to claim 1 , in which the plunger 

(4) and optionally the holding-down device (5) is or 
are driven via a transmission unit (2) by an electric 
motor drive unit (1). 

3. Process according to claim 2, in which the speed of 
the drive unit (1) is variable. 

4. Process according to claim 1, 2 or 3, in which the 
plunger (4) and optionally the holding-down device 

(5) are initially moved at high speed so as to rest on 
the parts to be joined and the plunger (4) and the 
holding-down device (5) then optionally moved at a 
lower speed. 

5. Process according to one of claims 1 to 4, during 
which the plunger (4) and optionally the holding- 
down device (5) can be moved from a predetermi- 
nable rest position. 

6. Process according to one of claims 1 to 5, in which 



10. Process according to one of claims 1 to 9, in which 
a torque of the drive unit (1 ) and/or of the transmis- 

20 sion unit (2) is determined during a punch riveting 
procedure. 

1 1 . Process according to one of claims 6 to 1 0, in which 
a force or a characteristic corresponding to the force 

25 of the plunger (4) and optionally of the holding-down 
device (5) as a function of the displacement of the 
plunger (4) or of the displacement of the plunger (4) 
and the holding-down device (5) is measured during 
a joining procedure and an actual trend determined 
30 and the actual trend compared with a desired trend 
and a signal triggered when the determined actual 
trend differs from the desired trend by a predeter- 
mined limit value in at least one predetermined re- 
gion. 

35 

12. Process according to claim 11 , in which a compar- 
ison between the actual trend and the desired trend 
takes place at least in a region (V1, H1) in which 
clinching effected on the parts to be joined by the 

40 force of the plunger (4) acting on a rivet essentially 
takes place and a rivet penetrates into the plunger- 
side part to be joined (7). 

13. Process according to claim 11 or 12, in which the 
actual trend is compared with the desired trend at 
least in a region (V2) in which punching of the parts 
to be joined (7, 8) is essentially effected by the force 
of the plunger (4) acting on a rivet, in particular a 
solid rivet, and the holding-down device (5) exerts 

so a force on the plunger-side part to be joined (7). 

14. Process according to claim 11 or 12, in which the 
actual trend is compared with the desired trend at 
least in a region (H2) in which a rivet, in particular 

55 a hollow rivet, penetrates the plunger-side part to 
be joined (7) owing to the force of the plunger (4) 
and a closing head is formed on the rivet. 
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15. Process according to claim 11 or 1 2 or 1 4, in which 
' the actual trend is compared with the desired trend 

at least in a region (H3) in which a closing head is 
essentially formed on a rivet, in particular a hollow 
rivet, and the rivet is compressed. 

16. Joining device for punch rivets with a die (6), a hold- 
ing-down device (5), a plunger (4), a drive unit (1) 
connected to the plunger (4), a control unit (9) for 
controlling at least the drive unit (1 ) and a monitor- 
ing unit (10) connected to the control unit (9), char- 
acterised by an electric motor drive unit (1 ) which is 
connected via a transmission unit (2) to the plunger 
(4) or to the plunger (4) and the holding-down de- 
vice (5). 

17. Joining device according to claim 1 6, characterised 
in that the transmission unit (2) has at least one 
gear. 

18. Joining device according to claim 1 7, characterised 
in that the gear is a reduction gear. 

19. Joining device according to one of claims 16 to 18, 
characterised in that the plunger (4) or the plunger 
(4) and the holding-down device (5) is connected to 
the transmission unit (2) via a spindle drive (3). 

20. Joining device according to claim 1 9, characterised 
in that the spindle drive (3) is a circulating ball spin- 
dle drive. 

21. Joining device according to one of claims 16 to 20, 
characterised in that the monitoring unit (10) has at 
least one sensor for detecting process data. 

22. Joining device according to claim 21 , characterised 
in that at least one sensor is a displacement trans- 
ducer which indirectly or directly picks up the dis- 
placement of the plunger (4) and optionally of the 
holding-down device (5) during a joining procedure. 

23. Joining device according to claim 21 or 22, charac- 
terised in that at least one sensor is a force trans- 
ducer which indirectly or directly picks up the force 
exerted by the plunger (4) and optionally by the 
holding-down device (5) during a joining procedure. 

24. Joining device according to claim 23, characterised 
in that the force transducer has at least one piezo 
element. 

25. Joining device according to claim 23, characterised 
in that the force transducer is a force pickup. 

26. Joining device according to claim 23, 24 or 25, char- 
acterised in that the force transducer is arranged 
between the plunger (4) and the transmission unit 



(2) and is optionally arranged between the holding 
down device (5) and the transmission unit (2). 

27. Joining device according to claim 23, 24 or 25, char- 
s acterised in that the transmission unit (2) is support- 
ed on a framework and the force transducer is ar- 
ranged between the transmission unit (2) and the 
framework. 

10 28. Joining device according to one of claims 21 to 27, 
characterised in that at least one sensor picks up 
the power consumption of the drive unit (1) during 
"a joining procedure. 

is 29. Joining device according to one of claims 21 to 28, 
characterised in that at least one sensor picks up 
the torque of the drive unit. (1) and/or of the transr 
mission unit (2) during a joining procedure. 
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